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ABSTRACT 

We present a comprehensive study of the steUar population and the interstellar medium in NGC 6822 
using high-quality Hi data (obtained with the Australia Telescope Compact Array) and optical 
broad/narrow-band data (obtained with Subaru and the INT). Our Ha observations are an order 
of magnitude deeper than previous studies and reveal a complex filamentary network covering al- 
most the entire central disk of NGC 6822. We find hitherto unknown Hii regions in the outskirts of 
NGC 6822 and the companion galaxy. The old and intermediate age stellar population can be traced 
out to radii of over 0.6° (> 5 kpc), significantly more extended than the HI disk. In sharp contrast, 
the distribution of the young, blue stars, closely follows the distribution of the Hi disk and displays a 
highly structured morphology. 

We find evidence for an older stellar population in the companion galaxy ~ the current star formation 
activity, although likely to have been triggered by the interaction with NGC 6822, is not the first star 
formation episode in this object. We show that the properties of the giant kpc-sized hole in the outer 
Hi disk of NGC 6822 are consistent with it being formed by the effects of stellar evolution. 

Subject headings: galaxies: individual (NGC 6822) - galaxies: dwarf - galaxies: fundamental parame- 
ters - galaxies: kinematics and dynamics - Local Group - dark matter 



1. INTRODUCTION 

Dwarf irregular galaxies are ideal laboratories to study 
galaxy evolution. Their relatively simple structure, with- 
out dominant spiral arms, bulges, and other complicat- 
ing properties make it more straight-forward to study 
the various physical processes related to star formation 
occuring in these galaxies. Their low metallicities and 
gas-richness suggest that they are still in an early stage 
of their conversion from gas into stars. 

NGC 6822 is one of the close st gas-rich dwa rfs in the 
Local Group. Dis covered bv iBarnardI ||1SS4), it was 
studied in detail bv iHubbi^ l)1925j) who showed that its 
distance placed it well outside our Milky Way galaxy, 
making NGC 6822 the first object to be recognize d 
as an "extra-galactic" system (see also iPerrin 
NGC 6822 is not associated wi t h any of the subgrou ps in 
the Local Group l|Matedl 19981 Ivan den Berghlll999() but 
is a member of an extended cloud of irr egulars known as 
the "Local Group Cloud" (Mateol lT99l . 

Due to the small distance of 490 ±40 kpc l)MateoF l99gl 
the galaxy appears very extended on the sky: its opti- 
cal angular diameter is over a quart er of a degree; the 
Hi disk measures close to a degree (Ide Blok fc Waltei< 
|2p00). Th e galaxy has a total luminosity of Mb = — 15.8 
podge et aT'iggl) and a total Hi mass of 1.3 x 10^ Mq 
jde Blok fcJWalt er 200Qj this work) , making it relatively 
gas-rich. It is a metal poor galaxy, with an ISM abun- 
dance of about 0.2 Zq ijSkillman et alJir989() and has a 
star formation rate of ~ 0.06 M0yr~^ (based on Ha and 
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FIR fluxes: IMate(Tl99aiTsra,e] et a1 Jl 996(> . iHodgfj (fmSOf) 

found evidence for increased sta r formation be tween 75 
and 100 Myr ago, while Ga llart et alJ l)1996b() showed 
that the star formation in NGC 6822 increased b y a fac- 
tor of 2 to 6 between 100 and 200 Myr ago. IWvdeil 
(2003), from HST imaging, found a spatially variable 
recent star formation rate in the central parts of NGC 
6822. This is all consistent with the mostly constant but 
stochastic recent star formation histories often derived 
for dwarf and LSB galaxies. NGC 6822 can be regarded 
as a rather average and quiescent dwarf irregular galaxy. 

Recent optical studies have concentrat ed on the 
extend ed stellar di sk of NGC 6822. ide Blok fc Waited 
i2003D. f BattincU i. Demers. fc Letart3 l)2003j) 
iKomivaina et al.. (,2003() all fo^md that the stellar disk of 
NGC 6822 extends much further out than the conven- 
tional optical appearance suggests. Significant numbers 
of young stars were found throughout the entire Hi disk. 
Its inclination, gas-richness and proximity make it an 
ideal candidate for studying the rotation curve, dark 
matter content llWeldrake. de Blok. fc W^teMm\ and 
relation between the stellar population and gaseous 
ISM. This is a major motivation for this study of the 
stellar populations and neutral interstellar medium of 
NGC 6822. 

In t his paper we presen t the full Hi data set used ear- 
lier in Ide Blok fc Waited l|2000() and Ide Blok fc Waited 
|2003 [). \ ye re-analyse the Subar u optical data sets de- 
scribed in' Komivama et all l)2003t) . reaching significantly 
fainter limiting magnitudes. We discuss the distribution 
of the old and young stellar populations, and find that 
NGC 6822 is surrounded by a stellar halo measuring at 



2 



least a degree in extent. We discuss new deep, wide-field 
Ha images of the entire Hi disk, and find several faint 
hitherto unknown Hii regions in the outer parts of NGC 
6822, including in the NW cloud and on the far rim of 
the giant hole. Finally, we study the stellar population in 
the giant hole and find clear evidence for an age gradient, 
consistent with the idea that star formation is capable of 
forming giant kpc-sized holes in the ISM. In a companion 
paper [de Blok & Walter 2005 (Paper II)] we use the data 
sets presented here to study in detail the star formation 
threshold in NGC 6822. 

In Sections 2, 3 and 4 we describe the various data 
sets used. Section 5 deals with the stellar populations 
in NGC 6822, and their relative distributions. There we 
also discuss the properties of the NW cloud as well as the 
evolutionary history of the prominent super-giant shell. 
In Sect. 6 we summarise our results. 

2. HI OBSERVATIONS 

2.1. Single Dish 

NGC 6822 was observed on 16 December 1998 using 
the ATNF Parkes single-dish tele scope in Australia. T he 
narrow-band back-end system ("Havnes et al J 119981) of 
the Multi-Beam system (Stavelev-Sr nitI^^n]^6D was 
used. This set-up uses the central 7 beams. A band 
width of 4 MHz with 1024 channels and a velocity spac- 
ing of 0.8 kms~^ was used. 

An area of 4 x 4 degrees was observed by scanning the 
telescope over the sky at a rate of 1 degree per minute, 
outputting 14 spectra (7 beams x 2 polarizations) every 
5 seconds. Frequency switching was used to determine 
the bandpass correction. The system temperature was 
24 K. 

The individual bandpass-corrected single-beam, single- 
polarization spectra were gridded into a data cube of 4.5 
X 4.5 degrees x 820 kms^-^ with a pixel size of 4' x 4' x 1.6 
kms^^. The effective beam size was 16.7' (2.5 kpc). The 
total integration time per point was ~ 35 s per po- 
larization, resulting in a noise of 0.08 Jy beam~^ per 
channel. The corresponding column density sensitivity 
is ~ 1.0 • 10^^ cm^^ per 1.6 kms^^ channel for emis- 
sion filling the beam. These numbers are summarised in 
Table □ 

With a systemic velocity of —55 kms^^, the Hi 
emission from NGC 6822 partly overlaps with fore- 
ground Galactic emission. The velocity range from 
^ — 40kms~^ to the upper end of the velocity cut-off 
of the data cube used (at 50 kms~^) was affected by 
this. In the range —14 < < —3 kms^^ (~ 6 channels) 
the Galactic emission was strong enough to significantly 
hinder our ability to distinghuish the NGC 6822 signal. 
The strong Galactic emission profile had broad low-level 
velocity wings, that showed itself as a slight enhance- 
ment of the background (or rather, foreground) level of 
adjacent channels. 

Ultimately, as we want to use this single-dish data 
to make a zero-spacing correction to the interferometric 
data described in Sect. 12.21 we need to remove the extra 
Galactic emission. The data were corrected as follows: in 
all channels the NGC 6822 emission was blanked, and an 
annulus of data surrounding the blanked emission was 
used to interpolate the foreground emission across the 
blanked area. These interpolated channel maps were sub- 
tracted from the original channel maps, leaving only the 



NGC 6822 signal. The limited spatial resolution of the 
Parkes data meant that the observed Galactic emission 
did not change on scales much smaller than the extent 
of the NGC 6822 emission in each channel, thus ensur- 
ing that no significant residuals were introduced by the 
fitting and subtracting procedure. 

The channels between —14 and —3 kms~^ were 
severely affected by Galactic emission (the peak flux den- 
sity of the Galactic emission was generally two orders of 
magnitude larger than that of the NGC 6822 emission). 
Here we inferred the NGC 6822 emission from interpo- 
lated values using a linear fit in the spectral direction to 
the (foreground-corrected) emission in adjacent velocity 
channels. Figure ^ shows the uncorrected and corrected 
global profiles. These, and the total fiuxes will be dis- 
cussed in Sect. 12.31 

2.2. Interferometric data 

NGC 6822 was observed in 1999 and 2000 with the 
Australia Telescope Compact Array (atca) in its 375, 
750D, 1.5A, 6A and 6D configurations. To cover the 
extent of the Hi disk of NGC 6822 as derived from the 
single-dish data, we observed 8 pointings. These were 
hexagonally packed along the major axis of NGC6822. 
This ensured that most of the Hi disk of NGC 6822 was 
observed with a constant sensitivity. In all cases we used 
PKS B1934-638 as the primary calibrator. For the phase 
calibration we used PKSB 1954-388, which was observed 
for 5 minutes every 40 minutes. The central positions of 
the pointings are given in Table |21 

The declination of NGC 6822 meant that in every ob- 
serving slot the total time on source available was ap- 
proximately 10 hours. We observed all pointings in mo- 
saicking mode, taking care that the uv tracks were at 
least Nyquist-sampled. This meant that with the 375 
array all 8 pointings could be observed in one observing 
session. With the 750 array 4 pointings were mosaicked 
at once. Similarly, 2 pointings were mosaicked per slot 
with the 1.5 km array. Finally, with the 6 km configu- 
rations all pointings were observed individually. Details 
are given in Table 13 The combination of all arrays gives 
a fairly homogeneous covering of the uv plane from the 
shortest baseline of 30 m to the longest 6 km baseline, 
as Table 121 shows. A correlator configuration with a to- 
tal bandwidth of 4 MHz and 1024 channels was used. 
This yields a velocity spacing between channels of 0.8 
kms~^. This configuration is identical to that used for 
the single-dish data. 

The data were checked for interference and cali- 
brated using standard procedures in the miriad package. 
"Dirty" data cubes were created using the "mosaic" op- 
tion available in the miriad invert task. This option 
results in a super-uniform weighting scheme, reducing 
side lobes in individual pointings prior to mosaicking. 

Our highest-resolution data cube was built up in sev- 
eral stages. We first constructed a low-resolution cube 
(with a resolution equivalent to that which would have 
been obtained with the 375m array alone), and in this 
cube identified clean regions by hand, after one cycle 
of 2ct clipping. The cube was then CLEAN-ed with the 
MIRIAD MOSSDI task to a level of about 0.5(t using a 
clean beam of 396.4" x 96.0". In the following, we will 
indicate the various resolutions by their minor-axis beam 
sizes. This lowest resolution cube is thus referred to as 
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'B96'. 

The CLEAN-ed B96 cube was in turn clipped at 2ct, 
and checked for spurious noise peaks. The remaining 
regions were used as clean regions for the next higher 
resolution cube, B48. Again, mossdi was used for this. 
The resulting beam size was 174.7" x 48.0". The same 
procedure was then used to produce respectively the B24, 
and finally B12 cubes. We experimented with various 
velocity resolutions, and found that 1.6 kms~^ gave the 
optimum balance between resolution and signal-to-noise. 
Clean beam sizes, and noise levels and column density 
sensitivities for the 1.6 kms~^ cubes (which will be used 
in all further analysis) are given in Tabled 

2.3. Global Hi profile 

Deriving the global Hi profile of such an extended ob- 
ject as NGC 6822 using interferometric data is n ot en- 
tirely straight-forward. iJorsater & van Moorsell l|199fif) 
pointed out that the usual procedure of measuring fluxes 
in a cleaned map and assuming that the clean beam ap- 
plies to the whole map is not correct. Rather, a map 
consists of the sum of the restored clean components 
[with units Jy (clean beam)~^] and the residual map 
[with units Jy (dirty beam)^^]. If the map is not cleaned 
extremely deeply, or the dirty beam is non-gaussian, dis- 
crepancies between the true flux and the inferred flux can 
occur: the dirty beam usually has larger wings than the 
clean beam, leading to an overestimate of the flux. This 
is especially relevant for extended objects. 

FoUowing lJorsater fc van Moorsell l|l995|) we thus com- 
pute the true flux 

G = ^ 
D-R 

where G is the true flux, D is the flux measured in the 
dirty (uncleaned) maps, C is the flux measured in the re- 
stored clean components map, and R is the flux measured 
in the residual map. We computed these fluxes for every 
channel map at each of the four spatial resolutions, using 
the 1.6 kms~^ cubes. Without this procedure, fluxes in 
individual channel maps can differ by a factor of two or 
more from the true flux. 

Figure^shows the various global Hi profiles. The four 
global profiles derived from the B96, B48, B24 and B12 
data agree very well with each other, with the expected 
trend that the B24 and B12 data contain slightly less flux 
than the B96 and B48 data, as they are less sensitive to 
extended low column density structures. 

Also shown are the profiles as derived from the single- 
dish data. We plot the profile corrected for Galactic 
emission as well as the original profile. A comparison 
shows that the uncorrected signal is dominated by Galac- 
tic emission from ~ — 50kms~"'^ and upwards. 

The peak seen at ^ —50 kms^^ in the uncorrected pro- 
file is probably not caused by instrumental effects. The 
emission associated with this peak fills a large fraction 
of the observed field, shows structure, occurs in multiple 
channels and is seen to move across the field with veloc- 
ity. It presumably corresponds with a Galactic Hi layer 
with a very low column density of ~ 4.5 • 10"'^'^ cm~^ and 
a FWHM velocity width of ~ 2kms~^ (and therefore 
resolved in the 0.8 kms^^ resolution single dish data). 

The NGC 6822 single-dish fiux is shghtly higher than 
the interferometric flux, indicating that emission is 



present at scales larger than that detectable by the short- 
est baseline (~ 20 m, corresponding to 36': although the 
shortest physical baseline in Table 2 is 31 m, mosaick- 
ing decreases_the effective shortest baseline to ~ 20 m, 
see'E kers fc R.ot s"1979V Incidentally, this makes the in- 
terferometric observations excellent filters, that remove 
most of the Galactic foreground emission, and elaborate 
procedures to remove this emission from the ATCA obser- 
vations are not necessary. 

The higher flux in the single-dish profiles is not a re- 
sult of residual Galactic emission. In Fig. we indicate 
the velocity at which the Galactic emission has dropped 
to 1 per cent of its peak value (~ 50 Jy beam~^), as 
well as the approximate velocity where the level of the 
Galactic emission equals 2 times the noise in the unaf- 
fected parts of the single dish cube. It is clear that the 
differences in flux are already present in the unaffected 
parts of the profile. The flux levels also agree well with 
those derived from HIPASS data (also plotted in Fig. Q 
for the unaffected part of the spectrum). Note that the 
HIPASS fluxes shown here are uncertain by 10 per cent 
or so. This is due to the HIPASS beam size changing 
slightly with source size and strength. In Fig. ^ we have 
adopted the case of a strong an d very (> 600 exten ded 
source. See Tables 2 and 3 in H arnes eiTaLl fMT) for 
more details. Despite these uncertainties the single-dish 
fluxes agree well with each other. 

Table 3 contains the fluxes and Hi masses derived for 
the various data sets. We can put the following con- 
straints on the Hi mass of NGC 6822. The interferomet- 
ric profiles serve as a firm lower limit on the Hi mass, 
independent of Galactic foreground emission, as these 
observations have had by their nature most large-scale 
emission filtered out. The average of the B96 and B48 
masses is 1.20 • 10^ M©. The single-dish profile gives an 
Hi mass of 1.34- 10^ M©. 

For V < — 40kms~^, the shape of the corrected single- 
dish profile closely resembles that of the interferometric 
profiles. Scaling the interferometric profile over this ve- 
locity range by a factor of 1.12 makes the two profiles 
match. We assume that this scaling corrects for miss- 
ing flux not picked up by the interferometric observa- 
tions, and therefore adopt the single dish total Hi mass 
of 1.34 • 10** Mq&s the Hi mass of NGC 6822 in the rest 
of this paper. 

2.4. Zero-spacing correction and channel maps 

The MiRiAD task immerge was used to combine the 
single-dish and interferometric data, and apply the so- 
called zero-spacing correction. 

Figure 13 shows a selection of channel maps of the zero- 
spacing corrected B12 cube with a velocity spacing of 
1.6 kms~^. Due to space limitations only every second 
channel is shown. The velocity of each channel is shown 
in the top-left of each sub-panel. The beam is shown in 
the bottom-right of the first channel. Small residuals of 
Galactic emission are visible in the channels in the range 
-n<V < -5 kms-i. 

Primary beam corrections for each pointing are done 
implicitly during the merging of the mosaic pointings and 
construction of the data cubes. To give an idea of the 
area of the mosaic where the sensitivity is highest and 
most uniform we show in contours the regions where the 
sensitivity has dropped by to 90, 80 and 60 per cent of the 
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central, highest sensitivity. Comparison with the channel 
maps shows that essentially all emission lies within the 
80 per cent contour, well within the equivalent of what in 
a single pointed observation would be called the primary 
beam. 

Several distinct features are visible in the channel 
maps. Firstly, note the clear physical separation be- 
tween the NW cloud and the main body of the galaxy 
around V ^ -lOOkms^i. Within the NW cloud, 
the high column-density Hi seems compressed into a 
ridge-like structure {V ^ — 104kms~^), and there is 
a suggestion of hole-like structures to the east of the 
ridge. This would fit in the picture of the NW cloud 
as a separate sta r-formin g entity as poin ted out by 
Ide Blok & Walter' ("200^, Bat tinelh et all l|200l and 
^omivama ct al. (2003). Also note the low column- 
density plume that seems to surround the NW cloud and 
is visible over the range —113 '^V —75 kms^^. 

Moving up in velocity we see the main body of the 
galaxy appear. Here there are clear signs of hole- like 
structures in the ISM (see e.g. the channel maps at = 
-78.4 kms-i and V = -88.0 kms~^). The typical size 
of these holes is ^ 0.3 kpc. The high-column density Hi 
again is again concentrated in ridge-like structures. 

Past the systemic velocity of —55 kms~^ we start see- 
ing signs of the super-giant shell in the south-east part 
of the galaxy. The column density contrast in this part 
of the galaxy is smaller than in the adjacent central part. 
This is also the velocity range where residuals of Galac- 
tic emission are visible, especially in the —11.2 and —8.0 
kms~^ channels. 

2.5. Moment maps 

Figure 13 shows the total Hi column density (zeroth 
moment) map. This map, as well as the velocity field, 
has also been published in Wcldrakc ct aQ l|2003fl . but is 
reproduced here because of the heavy use that will be 
made of them later in this paper. 

The integrated Hi column density map was constructed 
by adding clipped B12 channel maps. A similar method 
was used as when defining clean regions. The B96 cube 
was clipped at 2.5(7, and the remaining regions were used 
as a mask for the next higher resolution cube, B48. The 
resulting masked B48 cube, was then clipped at 2.5fT, 
and in turn used as a mask for the B24 cube. The same 
procedure was then used to produce the B12 cubes. 

The resulting moment maps still contained some im- 
perfections. As a second step we then isolated the 
high signal-to-noise ratio regions of the zeroth moment 
map as follows. For uniformly tapered maps in velocity 
Ctot = V^CTchan, whcrc (Ttot IS the noise in a pixel in 
the integrated column density map, N is the number of 
channels contributing to that pixel and cTchan is the noise 
in one channel at that pixel. We constructed a noise 
map corresponding with the column density map, and 
used these two to isolate those pixels in the column den- 
sity maps where the signal-to-noise ratio was > 4. These 
high signal-to-noise ratio maps were used as masks for 
the higher-order moment maps. 

The 4(7 limit in the total column density map is ~ 
1 • 10^° cm^^. This is consistent with the noise limit per 
channel map given in Table ^ when one considers that 
at the outer edge of the disk approximately 3 channel 
maps contribute to one moment map pixel. 



The same filamentary structure that was already visi- 
ble in the channel maps is also seen in the total Hi column 
density map. Signatures of small shells are less clearly 
visible, mostly due to the integration along the line of 
sight that tends to smear out structures due to gas at 
different velocities. 

This is an opportune moment to spend a few words on 
the definition of the edge of the Hi disk of NGC 6822. 
In the rest of the paper we will often compare the extent 
of the Hi disk with that of other mass components. It 
is therefore necessary to check whether it makes sense 
to speak of the "edge" of the Hi disk. If any edge is 
simply caused by observational sensitivity effects, where 
we lose the Hi column density in the noise, then a sensible 
physical interpretation is not really possible. If however 
we see a sharp decline in the Hi column density well 
above the sensitivity limit of the data, then defining an 
edge to the Hi disk is useful. 

As stated above, the Aa column density limit of the 
Hi column density map is 1 • 10^° cm~^. Figure 0] shows 
a plot of the observed azimuthally averaged Hi column 
density (derived usin g the tilted-ring parameters given in 
iWeldrake et alJl2'fl03L also see below) with the 4cr column 
density limit indicated. We see that over the first ~ 
800" (logi? < 2.9) (corresponding with the central Hi 
disk) the column density only drops by a factor of ~ 
1.4. Beyond that, over a similar radial range, the column 
density drop by over a factor of 10. The steep drop at the 
outer radii can be said to define some sort of edge, a sharp 
transition from the high-column density regime defining 
the shape of the galaxy to a more diffuse, possibly more 
pervasive state. In the following we will use a column 
density level of 5 • lO^*' cm^^ to indicate the edge of the 
Hi disk. 

Figure [S] shows the corresponding velocity field (first 
moment map). NGC 6822 is in fairly regular solid-body 
rotation. A full analysis of the kinematics of NGC 6822, 
and an analysis of its r otation curve has been presented in 
IWeldrake etall ll20(il . They find that NGC 6822 has a 
slowly rising, almost solid body like inner rotation curve 
that flattens towards larger radii. They also find NGC 
6822 is dark-matter dominated, with a ratio of visible 
(baryonic) to dark matter of ^ 0.09 within the last mea- 
su red point of the rotat ion curve (~ 5 kpc). We refer 
to IWeldrake "eTal] ll20nl for a more extensive discussion 
on the properties of the dark matter halo of NGC 6822. 
We will adopt the orientation parameters derived in that 
paper. 

3. Ha OBSERVATIONS 
3.1. The data 

NGC 6822 was observed with the 2.5m INT telescope 
at La Palma during 12-15 July 2004. We used the Wide 
Field Camera with a pixel scale of 0.33 arcsec pixel" ^. 
Three pointings were observed covering the entire extent 
of the Hi disc. Each pointing was observed for 4800 sec- 
onds. Short i?-band exposures of 300s per pointing were 
also obtained to determine the continuum. 

Figure El compares the observed Ha emission with 
the extent of the Hi disc. Obvious defects due to 
the subtraction of the continuum have been removed. 
The image has been median-filtered with a 9 x 9 pix- 
els window to enhance the extended, low surface bright- 
ness structures, and depress the continuum-subtraction 
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residuals. Due to the variable observing conditions 
an absolute flux calibration could not be obtained. 
We instead used the list of NGC 6822 Hii regions by 
iHodge. Lee, fc KennicuttI l(T989) to obtain a calibration. 
O ur observations a re deepe r than the ones presented 
in IHodge. Lee, fc Kennicutti l|1988t). iHo dge et all l|1989f) 
and lChvzv et al.l 1)20031) and cover a large r area. The lim- 
iting Ha flux surface density of the .Hodee et al.1 1)19891) 
observations is given as 2 • 10~^^ ergs cni~^ s~^ arcsec"^. 
The limiting flux surface density in our observations is 
~ (1.1 ± 0.2) • 10^^^ erg cm^^ s^^ arcsec"^, where the 
uncertainty is mainl y due to the bootst rapping used to 
put our fluxes on the lHodge et al.l l)1989D scale. Our data 
t hus go a facto r 10 d eeper than previous observations. 

IHodge et all 1)19891) give a value of 1.8 • 10^^ erg s'^ for 
the total Ha flux of NGC 6822i. The value we derive 
from our observations is (2.0 ± 0.4) • 10^^ erg s^^, after 
a 5 per cent correction for [Nil] emi ssion. The to t al Ha 
flux is thus shghtly larger than the IHodge et alJ 1)19891 ) 
value, consistent with the fact that we have surveyed a 
larger area to a larger depth. 

3.2. Ha morphology 

The Ha emission is found throughout almost the entire 
main Hi disc to the west of the hole. It is distributed in a 
filamentary network that is clearly shaped by the effects 
of shocks a nd winds. Many of the fainter Hii regions cat- 
alogued in H odge et al.l 1)1988 . 1989) as separate regions 
are in fact part of continuous larger loops and filaments, 
as are the bright Hii regions. 

Our Ha data cover the outer Hi disk, a part of NGC 
6822 not previously observed to this depth. The outer re- 
gions do in fact contain a small number of low- luminosity 
Ha regions, showing that star formation is proceeding 
even in the outer parts of the galaxy. Outside the area 
surveyed by IHodge et all l)1988l Il989|) we find a small 
number of new Hll regions that are not obviously con- 
nected with the central Ha network. The most note- 
worthy of these are briefly described here. 

NW cloud: we find two new Hii regions in the NW 
cloud. These have fluxes of respectively log{FHa) = 4.7 
(NW i) and \og{FHa) = 4.3 (NW ii), where the fluxes are 
in units of 10~^^ ergs cm~^ s~^, following the notation 
given in ' Hodge et alJ l)1989D . See Fig. El for identifica- 
tions. These fluxes are comparable to those of the low - 
est luminosity regions catalogued bv lHodge "eTallin^Sl . 
but the new regions tend to have a somewhat lower sur- 
face brightness. 

SE Hole: we find three new Hii regions on the opposite 
(eastern) rim of the large hole in the Hi distribution. 
Their respective fluxes are \og{FHa) = 4.0 (SE i), 4.0 
(SE ii), and 4.2 (SE ill). See Fig. |3 for identiflcation. 
These regions are also among the very faintest in NGC 
6822. 

Western Rim: to the west of the main Ha complexes 
we find two solitary, compact Hii regions. Their fiuxes 
are log(Fffa) = 4.7 (W i) and 4.0 (W ii), respectively. 
Again, see Fig. for identification. 

These new regions do not increase the total Ha 
fiux emitted by NGC 6822 significantly, but they do 

HHodge e^ai^^T989^ use different values for the distance modu- 
lus and foreground extinction. We have converted the values given 
in that paper using our adopted IGallart et alj Il996al1 values. 



show that low-level star formation does occur in the 
outer disk of NGC 6822. If the current state of NGC 
6822 is typical, then they do strongly suggest that the 
outer stellar disk of NGC 6822 (as described b elow 
and in'de Blok & Waher'2003, BattincUi ct al. 2003 and 
iKomivama et al.. .2003.) was built up in situ, a process 
that is still happening today. 

4. OPTICAL BROADBAND DATA 

We used two sets of archival CCD data taken with the 
Subaru Prime Focus Camera (Suprimecam) on the 8.2m 
Subaru Telescope on Mauna Kea, Hawaii. Suprimecam 
consists of 5 X 2 CCDs of 2048 x 4096 pixels each, giving 
a total size of 10k x 8k pi xels, or a 34' by 27' field of 
view with a 0.2" pixel size ()Mivazaki et al.ir2002D 

The first da ta set is described in detail in 

IKomivama et al.l 1)20031) . and consists of deep B, Rc and 
/ images spanning the entire Hi disk of NGC 6822. The 
second set consists of shallow exposures using the same 
filters of the central optical part of NGC 6822 taken 
in as test observations in 2000 during the early days of 
Suprime-Cam. Both data sets are essential to this anal- 
ysis. As described below, the large light-gathering power 
of Subaru meant that stars down to quite faint magni- 
tudes were already saturated, and combination with a 
shallow data set is essential to get a complete view of 
the stellar population. Both sets are described in more 
detail below. 

4.1. The deep data set 

This data set consist of two pointings each in B, Rc 
and /. The first pointing covers the NW part of the disk 
as well as the NW cloud. The second pointing covers 
the tidal tail and the SE part of the disk. Together, as 
mentioned, they cover the whole of the Hi disk of NGC 
6822 (see Fig. (H)). The images were taken on 15 and 
19 Oc tober 2001, and are described in IKomivama et all 
l)2003t) . where a first analysis of the B and Rc data is 
also presented. We used the iraf mscred package to 
perform the standard CCD reductions. The total expo- 
sure times per pointing were 1440s in B, 2160s in R and 
960s in /. The USNO-B catalogue was used to determine 
the coordinate system of these images. The final RMS 
uncertainty in the plate distortions as well as the final 
World Coordinate System was ^ 0.18". 

The IRAF version of the daophot package was used 
to flnd all stellar objects in the images and produce 
lists of their cooordinates, magnitudes and other param- 
eters. We used modified versions of the reduction and 
analysis scripts used by the Local Group Survey group 
(Masscvet al. 2000). The average seeing in the three 
bands was 0.8" (B), 0.7" (i?) and 0.6" (/), respectively 
Standard stars were used to provide absolute calibration. 
The RMS in the standard star solutions was typically 
~ 0.03 mag. 

All objects with peak values more than 3f7 above the 
sky were catalogued. The separate B, R and / catalogues 
of the two pointings were merged by cross-correlating and 
retaining only those objects that were present in all three 
bands. We assumed a match if the coordinates agreed 
to within 0.5". For the very small number of multiple 
matches within the error radius the brightest object was 
always chosen. Objects with a "roundness" (a daophot 
parameter that can be used to distinghuish stars from 



6 



non-stellar or blended objects) that differed by more than 
unity from the average roundness of all objects in the 
field were rejected. After this, the NW field contained 
326298 objects in B, 589788 in R and 643304 in I. For 
the SE field the numbers are 363962 {B), 644213 (R), 
552568 (/). The cross-correlated catalog of both fields 
combined with detections in all three bands contained 
366162 objects. 

In our analysis we will limit ourselves to only those 
"high-quality" objects with an uncertainty in the magni- 
tude < 0.2 mag in all three bands. To isolate true stellar 
objects we also insist that these objects have an absolute 
value of the "sharpness" (one of the DAOPHOT output 
parameters describing how "stellar" or peaked an object 
is) less than unity. These conditions then reduce the 
number of objects in the final deep catalog to 251927. 
The top row in Fig. show the histograms of appar- 
ent magnitudes in the three bands, as well as a colour- 
magnitude diagram (CMD). For reasons of compatibil- 
ity with the shallow survey (discussed below) we only 
show the data from the overlap area with that survey. 
The data set becomes incomplete at the faint-end side at 
apparent magnitudes {mB,mR,mi) = (25.6,24.1,23.4). 
These are the magnitudes where the histograms peak and 
then rapidly drop towards fainter magnitudes. At the 
bright end side the catalogue is limited by saturation of 
the CCDs. This happens at magnitudes (7713,771/}, mj) 
(20.0,20.5,19.5). These latter values are uncertain by 
~ 0.5 mag, as they depend on bias and sky levels, which 
differ from chip to chip and from observation to observa- 
tion. 

4.2. The shallow data set 

This data set consists of a single pointing towards the 
optical centre of NGC 6822. These are early observations 
(PI: S. Miyazaki) taken in June 2000 when Suprime-Cam 
only had 8 chips available. Some chips suffered from large 
readout noise. Observations times were 600s in B, 480s 
in R, and 330s in /. The seeing was 0.8" in B, 0.8" in R 
and 0.6" in /. These observations do not cover the entire 
Hi disk, but are still useful as a complement to the deep 
data set, as described below. The area of the shallow 
survey is shown in Fig. [S] 

Catalogues of stellar objects were constructed in an 
identical manner as with the deep data set. The _B-band 
catalogue initially contained 330830 objects, the R cata- 
logue 273078 objects and the / catalogue 530826 objects. 
A merged list containing all objects with a detection in 
all three bands contained 114179 objects. The final cat- 
alog of "high-quality" stars as defined above contained 
53008 objects. 

No standard star observations were available for this 
run, so we used the deep catalog to boot-strap the flux 
scale of the shallow survey. The RMS uncertainties in 
this boot-strap are ^ 0.15 mag in B, ^ 0.14 mag in R 
and ~ 0.13 mag in /. This scatter is mostly caused by 
the large read-out noise of some of the CCD chips used 
to obtain the shallow data set. However, we will only 
use the brightest stars from the shallow set, where the 
uncertainty in the magnitudes is about a factor two lower 
than for the total shallow survey. 

The centre row of Fig.|51shows the distribution of mag- 
nitudes as well as the CMD. For these shallow data in- 
completeness at the faint end occurs at {ms, mn, mj) — 



(24.1,22.2,21.7). Saturation occurs at (m^, Tre/j, tti/) ~ 
(17.3, 16.8, 15.9). These limits are again indicated in the 
figure. 

4.3. The merged data set 

In addition to the deep and the shallow catalogues we 
also produced a merged catalogue containing all high- 
quality detections in both catalogues, restricted to the 
overlap area between the data sets (see Fig. (HJ. Exam- 
ination of the bright and faint magnitude limits of the 
deep catalogue showed that the R band data are most 
restricted in dynamic range: stars saturate in the R band 
well before they saturate in B or /. The best way to 
construct a merged catalogue is thus to apply a magni- 
tude cut in R. We chose a cut-off of mji — 20.7, thus 
taking stars fainter than this from the deep catalogue 
and brighter than this from the shallow catalogue. This 
merged list contained 218438 objects. The bottom row in 
Fig. El shows the combined magnitude distributions and 
CMDs. The line mR = 20.7 is also indicated. The sur- 
face densities of stars in the CMD are continuous across 
the line, indicating neither the deep nor the shallow cata- 
logues are severely incomplete with respect to each other 
at this magnitude. FigureEHshows the surface density of 
stars in the merged CMD which more clearly shows the 
structure in the densely populated parts of the diagram. 

5. THE STELLAR POPULATION OF NGC 6822 

Though partly ba s ed on the same data as the analysis 
in iKomivama et al.) l)2003t) the CMD presented here has 
a larger dynamic range and probes to fainter magnitudes. 
By adding in the shallow data we are now also probing 
the O and B star regime that IKomivama et al.l l(2003li 
were unable to probe. This is the first time the stellar 
population of NGC 6822 has been mapped over such a 
large extent and depth. We are therefore in an excellent 
position to revisit and e laborate s ome o f the results from 
the pa pers of IK omiyar oa et al.l 120031) . iBattinelli et alJ 
Smm and ldeBlok fc Waited i2imL 

5.1. The Stellar Extent of NGC 6822 

The first question one may ask is what is the total stel- 
lar ex tent of NGC 6822? Observations of ILetarte et alJ 
lj2002(l show the presence of carbon stars outside the Hi 
disk, and as carbon stars generally trace an intermedi- 
ate age population this could indicate the presence of an 
extended stellar component. 

To determine the total extent of the stellar popula- 
tion of NGC 6822 we have taken the deep catalog, and 
counted the total number of stars in 12" x 12" boxes. 
Note that due to the saturation limits of the deep catalog, 
a significant fraction of the Milky Way foreground has 
effectively already been removed. This surface density 
image was then smoothed with a gaussian with FWHM 
= 48". This smoothed stellar surface density image is 
shown in Fig. ^] The very high stellar density in the 
inner parts, as well as the omission of the shallow cat- 
alogue, means that there will be some incompleteness 
there, but in the outer, lower density parts this image 
should be a fair representation of the total stellar surface 
densities there. The stellar surface density distribution 
is centered on NGC 6822, showing that we are indeed 
looking at its stellar population, and not Galactic fore- 
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ground stars. The stellar distribution of NGC 6822 is 
much more extended than the Hi disk. 

We have used the tilted ring parameters as described 
in Wcldrake ct al. (2003) to derive a radial profile of the 
smoothed stellar surface density. This is presented in 
Fig. El The profile does not start to turn over until 
the very outer parts of our field at \R\ > 1700". The 
stellar densities reached there are 1.43 ± 0.38 per 12" 
pixel at the NW side, and 0.76 ± 0.44 per 12" pixel at 
the SE side. This may indicate either a slighly variable 
stellar Galactic foreground density, or alternatively, an 
assymmetry in the extended stellar distribution of NGC 
6822. A log- log plot of the same data shows no change 
in slope at larger radii, indicating that the edge of the 
disk has not yet been reached. 

Nevertheless, despite the possibly present small "con- 
tamination" by NGC 6822 we will use the average surface 
density value of 1.1 stars to define an "edge" to the stel- 
lar disk. This level is indicated in Fig. ^2 by the thick 
countour. NGC 6822 covers almost the entire field, only 
the most extreme eastern part can be said to represent 
the field. The extent of NGC 6822 is much larger to the 
NW than to the SE. This might tentatively be associated 
with the (disrupting?) presence of the NW cloud. 

The possibility that the slightly higher stellar density 
in the extreme NW is simply due to a gradient in the 
local Galactic stellar foreground density (~ 1.2 degrees 
lower Galactic latitude than the extreme SE) is unlikely. 
The stellar foreground density as measured by 2MASS 
varies only by ~ 7 per cent over this range in Galactic 
latitude, much less than the factor of ~ 2 measured. The 
asymmetric extent can also not be caused by selective 
foreground reddening and extinction in the SE field. We 
will show in Sect. 15.41 that the reddening is higher in the 
NW, accentuating the asymmetry even further. 

With the present limited field of view it is difficult to 
draw more firm conclusions, but it is plausible that the 
higher stellar density observed in the NW is associated 
with the NGC 6822-NW Cloud system. It would be very 
interesting to further investigate the wider field around 
the cloud, looking for e.g. the presence of tidal streams. 

5.2. Foreground Population 

The CMD of the merged catalogue as shown in Fig. El 
shows three distinct components. Firstly, we see the ver- 
tical "blue plume" around B ~ R ^ 0.25 which consists 
mostly of young stars in NGC 6822. The concentration 
of stars around i? — ^ 1.5 and tur ^ 25, dubbed the 
"red-tangle" bv iGallart et al.l l)1996a|) . contains mainly 
old and intermediate age NGC 6822 stars. The third 
component, a vertical band around B ~ R ^ 1.3 consists 
of Galactic foreground stars. We will discuss the first two 
components in some detail later; here we concentrate on 
the (removal of) foreground stars. 

In order to study the stellar populations in NGC 6822 
one ideally wants to isolate the contribution of the fore- 
ground stars from the CMD. This is usually done in 
a statistical manner by comparing the CMDs of the 
galaxy field with one of a nearby "empty" field (i.e. with- 
out galaxy stars) and removing at each location in the 
galaxy CMD a number of stars that is proportional to 
the number of stars at that location in the field CMD. 
T his process is describe d and illustrated for NGC 6822 
in IGallart et"all l)1996a|) . 



The extent and depth of our catalogues poses some 
interesting problems. Firstly, a statistical subtraction 
can only be considered for the deep catalogue as we do 
not have the equivalent of a shallow field area for the 
shallow catalogue: its coverage is much smaller than the 
extent of NGC 6822. 

Secondly, the statistical method assumes that sizes of 
both fields and the number and density of fields stars in 
them are roughly equal. If one field is much smaller, and 
therefore contains significantly less stars, one runs into 
sampling problems and small number statistics. This, 
unfortunately, is the case here: in our observations only a 
very small area can be regarded as "field" (and even there 
some contamination by NGC 6822 is likely to be present). 
The usable "field" part in Fig. E] (i.e. with stellar surface 
density less than 1.1) measures ^ 0.012 square degrees 
and contains ^ 1000 stellar objects. This should be con- 
trasted with the rest of the field which spans ~ 0.53 
square degrees and contains some 250 times as many ob- 
jects. Clearly a statistical foreground subtraction will be 
dominated by sampling effects in the small field area. 

Even though a proper statistical subtraction is not pos- 
sible, we can still get an idea of the contamination by field 
stars and avoid the problems of small number statistics 
by looking at the binned surface densities of stars in the 
field and galaxy CMD diagrams. To do so we have binned 
the field and galaxy CMDs in {B—R)xmB bins of 0.25 x 1 
mag and counted the numbers of stars in each bin. 

When normalized by the respective field sizes we ex- 
pect for a pure field population to find equal numbers of 
stars in equivalent bins in both diagrams (modulo count- 
ing statistics). Figure IT^ shows the ratios in each bin. 
The largest symbols mark the bins where the number 
of stars in the field CMD bin equals the (normalized) 
number of stars in the equivalent galaxy CMD bin to 
within a factor of two; these are thus areas dominated by 
field stars. The smallest symbols mark the bins where 
the number of stars in the field CMD bin is a quarter 
to a tenth of the (normalized) equivalent number in the 
galaxy CMD bin. Regions with ratios less than 10 per 
cent (the rest of the CMD) can be safely said to be dom- 
inated by NGC 6822 stars. 

A comparison with Figs. 12 and 16 in IGallart et alJ 
(1996^ shows that our method has been succesful in 
identifying CMD regions contaminated by foreground 
stars. It has fiagged the lower part of the plume of Galac- 
tic stars around {B — R) ^ 1.5. The brighter part of this 
plume is clearly visible in the shallow CMD. Also clearly 
identified as due to foreground stars is the region between 
2 < B - i? < 3 and 27 < TOB < 24.5. 

5.3. Distribution of populations 

In the following, when studying the stellar populations 
of NGC 6822 we wiU only use those parts of the CMD 
that are deemed to contain only a negligible component 
of foreground stars, i.e. the unmarked areas in Fig. 1131 

There are two distinct features visible in the un- 
contaminated CMD of NGC 6822 (also described in 
IGallart et an iT996c^. 

• Blue Plume. This is the area with {B ~ R) < 0.75 
consisting mostly of main sequence (MS) and helium- 
burning Blue Loop (BL) stars. In the absence of variable 
foreground extinction as found towards NGC 6822, MS 
stars would occupy the blue side of the plume, BL stars 
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the red side. This area contains mostly young stars down 
to an age of roughly 0.5 Gyr. 

• Red- Tangle. This area, with 1< (B-R) < 1.75 and 
rriB ^ 23, contains a mixture of old populations with 
ages between ~ 1 and ^ 10 Gyr. It contains RGB stars, 
the fainter AGB stars, and intermediate age BL stars. 
The blue observing bands used here are clearly not suited 
to disentangl e the extended star formation history (see 
iGallart et al.l lT"996a'l. However, studying the red-tangle 
can give a good idea of the presence and importance of 
old and intermediate age populations. 

The presence of a young stellar population outside 
the convential optical extent of NGC 6822 is n o w we ll 
established and describe d in Ide Blok fc Walter! l)2003j) : 
iKomivama et al.l lj2003(l : iBattinelh et all 1)2003(1 . The 
current analysis improves on all these studies by the 
deeper limiting magnitude. Figure 1141 shows the distri- 
bution of all stars B — R < 0.75. We show the blue stars 
from the combined catalog in the inner part and those 
from the deep catalogue in the outer part. We have 
checked the outer field for saturated stars that should 
have been incorporated in an equivalent shallow cata- 
logue of the outer field, but find there are very few of 
those present. The distribution in Fig. 1141 is thus repre- 
sentative of the true blue star distribution, despite the 
lack of a shallow outer field catalog. 

At this point it is instructive to also show the surface 
density of blue stars fFig. 1151) . This has been derived in 
a similar way as Fig. ^2 this time only counting stars 
with B - R < 0.75 in 12" x 12" boxes. The resulting 
distribution was smoothed to a resolution of 48". 

Comparing Figs. 1141 and 1151 a couple of impressions 
from previous work are reinforced here. Firstly, blue 
stars are found out to the edge of the Hi disk. Secondly, 
the distribution of blue stars is clumpy. The main stellar 
body of N6822 is easily recognizable, as well as the "Blue 
Plume" (the large concentration of yo ung: stars to the SE 
of the central component) described in lde Blok fc Walter! 
(p003) (an d not to be confuse d with the CMD Blue 
Plume from'Gallar t et al.ll996cD . Thirdly, the Super Gi- 
ant ShcU (SGS) in the SE, described in do Blok & Walter: 
((20000 is visible as a slight underdensity in the stellar 
distribution. It is however clear that because of the 
superior quality o f the n ew data compared to those of 
Ide Blok fc Walter! l)2003j) we can now actually detect a 
stellar population in the hole (cf. Komivama et al. 2003). 

The nature of the NW cloud as a separate entity is 
again confirmed with a clear underdensity of stars sepa- 
rating the cloud from the main body of the galaxy. The 
NW cloud will be discussed in more detail in Sect. 15.51 

The distribution of the old and intermediate popula- 
tion can be mapped in a similar way. We consider the 
unaffected part of the CMD with {B-R) > 1. Its dis- 
tribution on the sky is shown in Fig. E| Though the 
apparent distribution on small scales is affected by the 
presence of bright foreground stars, as well as bright stars 
within NGC 6822, it is clear that the distribution of the 
old and intermediate population resembles that of the 
total population shown in Fig. 1111 

5.4. The colour of the disk and reddening corrections 

We can derive the average colour of the stellar disk in 
a similar way as the number density. We bin the dis- 
tribution of stars on the sky in 48" pixels, and compute 



the average colour of the stars in each pixel, but only for 
those pixels containing more than 3 stars. For cosmetic 
purposes the resulting images have been median-filtered 
using a 3 X 3 pixels median filter. 

The top left panel in Fig. llSlshows the average appar- 
ent B — R colour of the stellar disk. The NW cloud jumps 
out as being much bluer than the rest of the galaxy. Also 
clearly visible as blue regions are the areas associated 
with the Blue Plume and the main optical bar. An ad- 
ditional blue region is observed at the SE edge of the 
supergiant shell, corresponding with the locations of the 
newly discovered Ha regions. In fact, the distribution of 
the bluest regions is strongly correlated with that of the 
Ha, as both trace the most recent star formation. 

This unusual colour distribution is not intrinsic to the 
galaxy itself though. Most of it results from the vari- 
able Galactic foregr ound extinction towards NGC 6822. 
iMassev et al.l (|1995|) already pointed out the variable red- 
dening based on measurements of spectra of hot stars in 5 
fields near the star forming regions in the central north- 
ern part of NGC 6822. They found reddening values 
E{B - V) varying between 0.24 and 0.54. 

The bottom panel of Fig. ^1 shows the reddening 
E{B — V) towards NGC 6822 derived f r om th e reddening 
maps bv |Schlegel. Finkbeiner fc Davis! l)1998j) . There is a 
strong correlation between the foreground reddening and 
the observed colours of the disk, indicating that most of 
the variation in the apparent colours of the disk is not 
intrinsic to NGC 6822. 

We can attempt to correct for the foreground redden- 
ing by converting the Schlcgel ct al. (1998) E{B — V) 
reddening map to E{B — R) units [where E{B — R) = 
1.77 • E{B — V) for a Ry = 3.1 reddening law] and sub- 
tracting this from the observed colour maps. The cor- 
rected colour distribution is shown in the top-right panel 
of Fig.UHl 

Most of the features in the colour map are still visi- 
ble after correction. Unfortunately, at this stage we are 
unable to say whether this is due to internal or e x terna l 
reddening. The resolution of the 'Schleg el et alJ l(1998fl 
reddening map is less than that of the size of the small- 
est displayed features, and it is very well possible that 
some unresolved foreground reddening may give rise to 
the red edge, especially as it occurs in the region where 
the largest reddening is observed. 

We can also look at the distribution of colours of the 
blue population alone. For this we have again created 
48" resolution colour images, but this time only includ- 
ing stars with B — R < 0.75. Limiting the colour distri- 
bution to that of the blue population alone emphasizes 
colour differences present among the young populations. 
The colours are thus not "dilluted" by the presence of 
a prominent red population. These images, before and 
after reddening correction are shown in the middle pan- 
els in Fig. ^1 Before correction, a large-scale reddening 
gradient is clearly visible as a function of radius, however 
the distribution of disk colour is rather unusual, with 
the western edge of the galaxy much redder than the 
rest of the disk. After correction, the blue population in 
NGC 6822 shows no strong colour gradient, consistent 
with the fact that (recent) star formation is seen hap- 
pening all over the disk. The distribution of the bluest 
features is intriguiging. The NW cloud is still one of 
the bluest parts of the galaxy. Another prominent blue 
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feature is the region around the Hubble x star forming 
region [a, (5(2000.0) = 19''45™05.2'', -14°43'13'], another 
site of intense recent star formation. Apart from these 
two regions, all other bluest regions are found surround- 
ing the supergiant shell in the SE. Intriguingly enough, 
we can now also see a red peak in the centre of the super- 
giant shell, strongly suggesting the presence of a colour 
gradient towards the edges of the hole. 

In the following we will describe the NW cloud and the 
giant hole in more detail. Section 15.51 will describe the 
properties of the NW cloud, and argue that it is likely 
to be a separate dwarf galaxy that has been captured 
by NGC 6822. The supergiant shell will be discussed in 
more detail in Sect 15.61 

5.5. The stellar population of the NW cloud 

The discovery of the NW cloud as described in 
Ide Blok fc Waited Emi) was one of the unexpected re- 
sults of the Hi observations d escribed there and i n this 
pap er. It was speculated by Ide Blok fc Waited pOOOl 
l2003l|) that the cloud could be a separate system that 
is currently in interaction with the main body of NGC 
6822, and responsible for the tidal arms in the SE. It 
could also have triggered the star formation that would 
eventually lead to the creation the large hole in the SE 
part of the main Hi disk. 

The cloud is amo ngst the bluest objects in the NGC 
6822 system (Sect. I5.4|l . This indicates a significant 
amount of recent star formation, which is confirmed by 
its CMD (see Fig. I19II . Unfortunately, the cloud was not 
covered by the shallow Subaru images, and we can there- 
fore only measure stars up to Mb ^ — 3 in the colour 
range of the cloud main sequence (cf. Fig. before sat- 
uration sets in. 

The uncontaminated part of the CMD of the NW cloud 
is dominated by a well-defined main sequence, extend- 
ing all the way up to the saturation limit of the data. 
For a comparison wit h theoretical isochron es we use the 
Z = 0.004 model from lGirardi et all 1)2000(1 . The bright- 
est and bluest stars are well described by a log(age/yr) 
= 7.0 isochrone, though it is likely that even younger 
stars are present, given the presence of Ha regions in the 
cloud (Fig.EJ, and the presence of a few saturated stars 
clustered in the same way as the unsaturated stars. It 
is thus very likely that the cloud has had ongoing star 
formation over the past 10^ years, confirming previous 
work. 

Unfortunately the CMDs presented here do not allow 
us to make quantitative statement on the SFH beyond 
1 Gyr or so. Fig. 1191 shows there are some stars present 
redwards of the MS that could be consistent with star 
formation at log(age) ^ 8.2. 

There are star present in the red-tangle, but a com- 
parison between Figs . IT^ and ITTI shows that whereas the 
cloud is clearly present as an overdensity in the blue star 
distribution, this is less obvious for the red population. 
The clearest indication is a slight enhancement in the 
southern part of the cloud. This makes it likely that the 
cloud is "old", i.e., it contains a stellar population older 
than 1 Gyr. 

5.5.1. The dynamics of the NW cloud 

If the cloud is indeed a separate dwarf galaxy we might 
expect it to contain a significant amount of dark matter. 



Fig- HI shows that the emission from the cloud is cleanly 
separated in velocity from the main body of the galaxy, 
and we can thus examine the velocity field of the cloud as 
shown in Fig.jS] The kinematical major axis of the cloud 
has a different position angle than that of NGC 6822. 
The main body of the galaxy has a kinematical position 
angle between 103° and 140°. The cloud's kinematical 
major axis varies between 70° and 90°. 

The velocity gradient seen across the cloud can be in- 
terpreted as either shear or rotation. The velocity field of 
the cloud shows a velocity range from ~ —80 to ~ —105 
km s~^, a range of 25 km s~^. A more detailed study of 
the data shows there is cloud emission present from —70 
to —116 km s^^, but most of the emission in the extended 
velocity range is of low surface density. We will use 25 
km s~^ as a conservative estimate. We know from the 
the ages of the blue stars that the cloud has been around 
for at least 5 • 10^ years. A shear of 25 km over that 
timescale implies a distance of 1.3 kpc, comparable to 
the size of the cloud. This means that, assuming that 
the shear remains constant, the cloud will be completely 
disrupted over a similar timescale, where it should be 
kept in mind that these timescales are upper limits. We 
only observe the motion in the line of sight, and the true 
disruption timescales would be much shorter. Though it 
would be possible to explain the kinematics of the cloud 
with pure shear, the timescales involved are uncomfort- 
ably short. 

A more likely explanation is that the velocity gradient 
is caused by rotation. Again, the signal of 25 km s~^ is 
a lower limit, as we do not know the space orientation of 
the cloud. The east-west diameter of the cloud is ~ 1.2 
kpc, and the associated (lower limit on the) dynamical 
mass limit is therefore 2.2 • 10^ Mq, or 7.5 • 10^ Mq if we 
use the full velocity range present in the data. 

Adding up all detected stars in the NW cloud we de- 
rive a total luminosity Mb = —7.8. This is again a lower 
limit, because any unresolved as well as the brightest 
stars have not been included in this total. The addition 
of 2 or 3 stars with Mb = —5 (just above the saturation 
limit) would increase the luminosity by 0.2 mag or so. 
The number derived here is in good agreemen t with the 
value AIb = — 8.5 derived bv lKomivama et alJ l)200 3^ . If 
we assume M/L^^^b = 1-0, we derive a stellar mass of 
'--^ 1.2 • 10^ Mq. If we compare this jiumbcr with the 
Hi mass Mhi = 1.4 • 10'^ derived in de Blok & Walte3 
we see that the baryons in the NW cloud pri- 
marily consist of gas: the cloud is extremely gas-rich. 
Taking the numbers derived above at face-value we get 
Mhi /Lb ^ 120. We can attempt to correct for the con- 
tribution of the unresolved population by comparing the 
total luminosity of all stars in our catalog with the in- 
tegrated magnitude Mb = —15.85 given in lHodge et alJ 
(|1991). We find that our catalogue underestimates the 
luminosity by ~ 1.6 mag. Applying this same dif- 
ference to the cloud luminosity we get Mb ~ —10.1. 
This yields a ratio Mhi /Lb ~ 8, which still makes the 
cloud an extremely gas-rich object. Comparing with the 
lower limit on the dynamical mass derived above we see 
that the cloud must be dominated by dark matter with 
Mdyn/Afvis ^ 1.6 as the absolute lower limit, but with 
Mdyn/Afvis > 4 as a more likely value. The estimates 
derived here are typical of dwarf irregular galaxies. The 
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most likely conclusion is thus that the NW cloud is a 
separate galaxy. 

5.6. The Super- Giant Shell 

As noted above, Fig. ^] shows a distinct red peak 
in the centre of the supergiant shell (SGS) in the SE 
part of NGC 6822, strongly suggesting a colour gradient 
towards the edges of the hole. The SGS was first de- 
sc ribed in H odge ct al. (199^) and later in more detail 
in Ide Blok fc Walter! pOOflil . It measures around 1 kpc 
in diameter, and is by far the largest structure observed 
in the Hi disk of NGC 68 22. From dynamical arguments 
Ide -Rlok Waitol lf2nn(H) derived an age of the SGS of 
~ 130 Myr, assuming that the hole has just stalled. The 
required energy to create a hole of t his size is equiva- 
lent t o that of ~ 1000 supernovae. Ide Blok fc WalteJ 
1)200.'^ searched for a remnant population in the SGS 
but found none. Their data were however only sensitive 
to stars with Mb ^ — 1 or brighter, and could thus make 
no stateme nts on the pr esence of populations older than 
~ 80 Myr. iKom ivama et al. (2003) made a initial exam- 
ination of the distribution of blue stars in the SGS area 
and concluded that there were fewer blue stars present in 
the SGS compared to the rim of the hole. Our analysis of 
these data reaches a fainter limiting magnitude and thus 
allow to derive more definitive conclusions regarding the 
evolution of the SGS. Similar structures have been in the 
HI distribution of many nearby dwarf galaxies when ob- 
served at sufficient resolution (e.g., Holmberg II, Puche 
et al. 1994, IC 2574, Walter & Brinks 2000; Holmberg I: 
Ott et al. 2001; DDO 47: Walter & Brinks 2001, SMC: 
Kim et al. 2003, LMC: Staveley-Smith et al. 1997). 

To explain these giant holes in the Hi disks of galax- 
ies, several explanations have been put forward. The 
most obvious one is that the effects of effects of stel- 
lar winds and supernovae can create a hole or bubble 
in the ISM (e.g., Tenorio-Tagle & Bodcnheimer 1988). 
The compression at the rim of the resulting bubbles can 
then lead to secondary star formation, thus enlarging the 
hole even further. Alternative explanations are the im- 
pact of HVCs, and gamma-ray bursts (e.g., Kamphuis 
et al. 1991, Loeb fc Perna 1998, Efremov et al. 1999). 
While these processes all inject energy into the ISM, 
the t ime-scales and resulting s patial distributions differ. 
E.g., iVorobvov & Basul l)2005 D show that effects on the 
gas disk and the corresponding observational signatures 
are all distinctly different, and based on comparison with 
observations conclude that star formation is the most 
likely cause. And indeed, there are some cases in which 
remnant clusters in kpc-sized holes have been identified, 
e.g., in IC2574 (Walter et al. 1998, Stewart fc Walter) 
— however it should be noted that most past searches 
for remnant clusters in HI superstructures have not been 
successful (e.g., Holmberg II: Rhode et al. 1999, LMC-4: 
Braun et al. 1997). 

One of the main arguments against the SF hypothesis 
has always been that holes are also found in the outer 
disks of galaxies where (usually) no stars or signs of star 
formation are observed. If NGC 6822 is at all typical, 
then this argument no longer holds: its stars are found 
all the way to the edge of the HI disk. This would imply 
that closer inspection of the holes in other galaxies at 
similar column densi ties should show a stel lar population 
in many of them (cf. iFerguson et al.l[l998j) . 



If the SGS is indeed created by star formation, we 
would expect a radial age gradient in the stellar pop- 
ulation (or, at least, an age difference), with the most 
recent star formation found at the rim of the hole. Here 
we first investigate the radial distributions of the various 
ISM and stellar components as a function of distance 
from the centre of the hole. As centre we take the centre 
of the hole in the Hi distribution. An ellipse fit to the 
outer rim yields orientation parameters PA = 158° and 
an axis ratio b/a = 0.75. The centre was found to be 
at a(2000.0) = 19''54'"30", (5(2000.0) = -14°53'40". We 
will adopt these values for the rest of our analysis. 

Figure [2ni shows the radial distributions of the Hi, as 
well as those of the number densities and colours of the 
stellar population. It is immediately obvious that the 
number density of blue stars closely follows that of the 
Hi. We also see a very pronounced colour gradient from 
red colours in the centre of the hole, getting bluer towards 
the rim. 

To show that these radial trends are not an artefact of 
the azimuthal averaging procedure, we show the distri- 
bution on the sky of these components in Fig.|^ Super- 
imposed on the various panels are two ellipses with radii 
of 250" and 430", corresponding with, respectively, the 
radius where the blue B — R gradient flattens off, and 
the peak in the radial Ha distribution. 

In the case of the blue stars, the radial trend is clearly 
dominated by the presence of the main body of NGC 
6822 to the NW of the SGS. However, note that this 
does not explain the entire gradient. At azimuthal an- 
gles away from the main body of NGC 6822, we find 
that the maxima in the HI distribution only occur be- 
tween the two ellipses with radii of 250" and 430", as 
described above. The same applies to the Ha: though 
few in number, the Ha regions directly surrounding the 
hole are only found between the two ellipses. This also 
applies to the blue star distribution: the highest densities 
occur between the two ellipses. The gradients measured 
are thus not artifically introduced by the nearby presence 
of the main body of NGC 6822. 

We can thus divide the SGS area in three zones: 1) 
the central zone at i? < 250" where there is no current 
star formation, and where there is a color gradient with 
the reddest stars found in the centre; 2) the annulus at 
250" < R < 430" where current and very recent star 
formation is found. This is the zone where the effects of 
the hole are currently impacting on the ambient ISM; 3) 
the zone with R > 430" that is unaffected by the SGS. 

We can now use CMDs to see whether the reddening 
gradient described above translates into actual age gra- 
dients. A comparison with the reddening map in Fig. 118! 
shows that it is extremely unlikely that the gradient is 
caused by differential foreground reddening. 

We have divided the area within the R — 430" ring in 
three annuli roughly equally spaced in radius: a central 
region R < 170" chosen to include the reddest parts of 
the SGS; a transition annulus 170" < R < 300"; and 
an outer annulus with 300 < R < 430" covering the 
bluest area with very recent star formation. The borders 
between these annuli are indicated in the top-left panel 
of Fig. Ell 

The CMDs of these three regions are displayed in 
Fig- 1221 with the usual isochrones overlaid. We have used 
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the combined deep and shallow catalog, meaning that at 
the B - R colour of the NGC 6822 Main Sequence we 
can detect stars as bright as Mb ~ — 7 without being 
affected by saturation effects (cf. Fig. O. 

The left-hand diagram in Fig. 1221 shows the CMD cor- 
responding to the central area of the hole. The brightest 
and bluest stars are located well away from the satura- 
tion limits of the data so that our age conclusions are 
not affected by these limits. The positions of the bright, 
blue stars in the CMD are best fitted the log(age) — 8.0 
isochrone. A sHghtly younger age, such as log(age)= 7.7 
or 7.8 is also possible but not preferred. The log(age) 
= 7.5 contour is definitely not a good description of the 
data. 

In the centre CMD, corresponding with the transition 
annulus in Fig. [21 the bluest and brightest stars are best 
fitted with the log(age) = 7.5 isochrone. Here we are still 
well away from the saturation limits of the data so that 
again the conclusions are not affected in that way. 

The right-hand panel shows the CMD of the outer- 
most annulus, which contains most signs of recent star- 
formation. This shows itself in the CMD, where the 
brightest NGC 6822 stars are best fitted with the log(age) 
= 7.2 isochrone. There are stars present along the 
log(age) = 7.0 isochrone as well, and stars along the 
brightest part of this isochrone (as well as those along 
younger isochrones) will have been affected by satura- 
tion effects, so in this part of the rim of the galaxy may 
prefer a younger age as well. Certainly the presence of 
Ha is evidence for star formation on timescales less than 
~ 10'' year. 

In this sequence of CMDs we thus see age differences 
in the hole region: The stellar population of the inner 
part of the hole can be described with an age between 
5 • 10^ and 10® yr, while on the rim of the hole recent star 
formation is still going on. 

This conclusions puts the age of the hole, or rather 
the age of its young stellar population at between 5 • 10'' 
and 10® yr. This is slightly younger than the dynamical 
estimate of 1.3 • 10® yr (or log(age)~ 8.1), however, the 
left panel in Fig.l22lshows that the stellar and dynamical 
age estimates are consistent with each other. 

The properties of the SGS in NGC 6822 are thus con- 
sistent with it being formed by the processes of star for- 
mation and stellar evolution. It also suggests possible 
explanations as to why searches for a progenitor popula- 
tion in shells in other galaxies have not always been suc- 
cesful. Firstly, in many cases the progenitor population 
was expected to be in the form of star clusters. In the 
SE part of NGC 6822 where the SGS resides, star clus- 
ters are conspicuous by their absence. The stars are dis- 
tributed almost homogeneously throughout this part of 
the galaxy. With a dispersion of ~ 1 km s~^ a star clus- 
ter will after 10® yr have expanded to a size of ~ 0.1 kpc, 
and may be difficult to distinghuish from the background 
population. The background itself is also difficult to de- 
tect: the total luminosity of stars within the R — 170" 
radius is irib — 14.1. After correction for Galactic extinc- 
tion this translates into a surface brightness /is — 25.5 
as observed, oi fiB = 26.2 when corrected to face-on. It 
is clear that if we had not been able to resolve the stellar 
population of NGC 6822 we would have have great diffi- 
culty detecting the unresolved progenitor population of 
the SGS. 



Though it is dangerous to extrapolate from a sample 
of one, the temptation is to conclude that no exotic ex- 
planations are necessary to explain the presence of SG 
shells in galaxies. The reason that there have not been 
many clear identifications of progenitor populations is 
that by the time the shells have reached the large size 
observed, the progenitor clusters have diffused enough to 
make them indistinghuishable from the background. If 
this background is unresolved then its low surface bright- 
ness makes a detection difficult for any but the nearest 
galaxies. 

6. SUMMARY 

We have presented a comprehensive study of the stellar 
population and the interstellar medium in NGC 6822, one 
of the most nearby dwarf galaxies. Its nearby location 
and our Hi (ATCA/Parkes) and optical (Subaru/INT) 
observations allow for the first time to perform a de- 
tailed comparison of respective distributions of the Hi 
and the stellar populations. The main results are briefly 
summarised in the following: 

• Multi-array /mosaicked Hi observations obtained at 
the ATCA (zero-spacing corrected using Parkes data) 
show a stunning morphology in the Hi, including the 
presence of Hi holes of various sizes and a detached cloud 
in the north-west. Azimuthally averaging the HI distri- 
bution gives an 'edge' to the Hi disk at 5xlO^''cm~^ — 
the total Hi mass of NGC 6822 is 1.34x10®Mq. 

• Deep Ha imaging (reaching one magnitude deeper 
than previous observations) reveals the presence of a 
stunning filamentary network which covers almost the 
entire central disk of NGC 6822. Our maps also reveal the 
presence of previously unknown HII regions in the out- 
skirts of NGC 6822 and some coincident with the likely 
companion galaxy. The total Ha luminosity of NGC 6822 
is (2.0 ±0.4) • 10^9 erg s^^. 

• The combination of shallow and deep Subaru multi- 
band imaging allows us, for the first time, to derive 
an (almost) complete census of the stellar population 
in NGC 6822 above magnitudes of (7713,771^,771/) — 
(25.6, 24.1, 23.4). Our cross-correlated catalog of all stars 
comprises some 4 x 10^ objects. Even though the stellar 
population can be traced out to radii of 0.6° we conclude 
from our star counts that the optical edge of NGC 6822 
has not yet been reached even in the wide-field Subaru 
observations. 

• The old and intermediate population of stars is much 
more extended than even the Hi disk. This distribution 
is not symmetric but more extended towards the north- 
west, i.e. where the companion galaxy is situated. In 
sharp contrast, the distribution of the young, blue stars, 
closely follows the distribution of the Hi disk all the way 
out to the Hi 'edge' and displays a highly structured 
morphology. 

• The companion galaxy in the north-east of 
NGC 6822 shows evidence for an underlying older pop- 
ulation (through the colors and its CMD) — the cur- 
rent star formation activity, although likely being trig- 
gered by the interaction with NGC 6822 is not the first 
SF episode in this object. From the Hi dynamics. Hi 
mass [Mhi = 1.4 • 10^) and the optical luminosity ( 
Mb = —7.8) we derive Mdyn/Mvis > 4 for the compan- 
ion. 

• We show that the properties of the large HI hole (the 
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most prominent structure seen in the HI distribution) are 
consistent with it having been created by past star for- 
mation activity. Hhis is supported by the color gradient 
towards the edge of the hole (red in the centre, blue on 
the rim) and CMDs obtained at various radii. We specu- 
late that the cluster (s) responsible for the creation have 
been dispersed - this may also explain some of the unsuc- 
cessful searches for remnant clustes in superstructures of 
other dwarf galaxies. 

In summary, NGC 6822 came up with many suprises 
- the structured distribution of the young blue stars 
throughout the HI disk, the very extended diffuse stellar 
halo reaching far outside the HI disk, the presence of star 
formation all across the HI disk, the likely creation of the 
huge HI hole by star formation. These results could only 
be obtained because of the small distance of NGC 6822, 
enabling the stellar population to be resolved and the 
ISM to be observed at sub-kpc scales. All of the above 
results would have been impossible to obtain if NGC 6822 
had been more distant (e.g., eight times further away at 



Barnard, E.E., 1884, Sidereal Messenger, 3, 254 
Barnes, D. G., et al. 2001, MNRAS, 322, 486 
Battinelli, P., Demers, S., & Letarte, B. 2003, A&A, 405, 563 
Braun, J. M., Bomans, D. J., Will, J., & de Boer, K. S. 1997, A&A, 
328, 167 

Chyzy, K. T., Knapik, J., Bomans, D. J., Klein, U., Beck, R., Soida, 

M., & Urbanik, M. 2003, A&A, 405, 513 
de Blok, W. J. G. & Walter, F. 2000, ApJ, 537, L95 
de Blok, W. J. G. & Walter, F. 2003, MNRAS, 341, L39 
Efremov, Y. N., Ehlerova, S., & Palous , J. 1999, A&A, 350, 457 
Ekers, R. D., & Rots, A. H. 1979, ASSL Vol. 76: lAU CoUoq. 49: 

Image Formation from Coherence Functions in Astronomy, 61 
Ferguson, A. M. N., Wyse, R. F. G., Gallagher, J. S., & Hunter, 

D. A. 1998, ApJ, 506, L19 
Gallart, C., Aparicio, A., Bertelli, G., & Chiosi, C. 1996, AJ, 112, 

2596 

Gallart, C., Aparicio, A., Bertelli, G., & Chiosi, C. 1996, AJ, 112, 
1950 

Gallart, C, Aparicio, A., & Vilchez, J. M. 1996, AJ, 112, 1928 
Gerritsen, J. P. E., & Icke, V. 1997, A&A, 325, 972 
Girardi, L., Bressan, A., BerteUi, G., Chiosi, C. 2000, A&AS, 141, 
371 

Haynes, R., Staveley-Smith, L., Mebold, U., Kalberla, P., White, 

G., Jones, P., Dickey, J., Green, A. 1998, lAU Symp. 190, 63 
Hodge, P.W., 1980, ApJ, 241, 125 

Hodge, P., Lee, M. G., & Kennicutt, R. C. 1988, PASP, 100, 917 
Hodge, P., Lee, M. G., & Kennicutt, R. C. 1989, PASP, 101, 32 
Hodge, P., Smith, T., Eskridge, P., MacGillivray, H., Beard, S. 

1991, ApJ, 379, 621 
Hubble, E., 1925, ApJ, 62, 409 

Israel, F.P., Bontekoe, Tj.R., Kester, D.J.M, 1996, A&A, 308, 723 
Jorsater, S., & van Moorsel, G. A. 1995, AJ, 110, 2037 
Kamphuis, J., Sancisi, R., & van der Hulst, T. 1991, A&A, 244, 
L29 

Kim, S., Staveley-Smith, L., Dopita, M. A., Sault, R. J., Freeman, 
K. C, Lee, Y., & Chu, Y. 2003, ApJS, 148, 473 



the distance to the M81 group). This raises the ques- 
tion on whether the results found here may also apply to 
other dwarf galaxies and in this sense, NGC 6822 gives 
us some interesting new perspectives on the properties of 
dwarf galaxies in general. However, clearly, future sim- 
ilar in-depth, high-quality observations of other nearby 
dwarf galaxies are mandatory, though challenging, in or- 
der to show that NGC 6822 is not exceptional, but rather 
a typical dwarf galaxy. 



We like to thank Phil Massey and the Local Group 
Survey group for making their reduction and analy- 
sis scripts available on-line. These were of immense 
value to us in the initial stages of reducing the Sub- 
aru data. This research has made use of the US- 
NOFS Image and Catalogue Archive operated by the 
United States Naval Observatory, Flagstaff Station 
( |http://ww w . nofs . navy, mil /data/ fchpix / ) . 



Komiyama, Y., et al. 2003, ApJ, 590, L17 

Letarte, B., Demers, S., Battinelli, P., & Kunkel, W. E. 2002, AJ, 
123, 832 

Loeb, A., & Perna, R. 1998, ApJ, 503, L35 

Massey, P., Armandroff, T. E., Pyke, R., Patel, K., & Wilson, C. D. 

1995, AJ, 110, 2715 
Massey, P., Hodge, P. W., Jacoby, G. H., King, N. L., Olson, 

K. A. G., Saha, A., & Smith, C. 2000, BAAS, 32, 1595 
Mateo, M.L. 1998, ARA&A, 36, 435 
Miyazaki, S., et al. 2002, PASJ, 54, 833 

Ott, J., Walter, F., Brinks, E., Van Dyk, S. D., Dirsch, B., & Klein, 

U. 2001, AJ, 122, 3070 
Perrine, CD., 1922, MNRAS, 82, 489 

Puche, D., Westpfahl, D., Brinks, E., & Roy, J. 1992, AJ, 103, 1841 
Rhode, K. L., Salzer, J. J., Westpfahl, D. J., & Radice, L. A. 1999, 
AJ, 118, 323 

Schlegel, D. J., Finkbeiner, D. P., & Davis, M. 1998, ApJ, 500, 525 

Skillman, E.D., Terlevich, R., Melnick, J. 1989, MNRAS, 240, 563 

Staveley-Smith, L., , Wilson, W.E., Bird, T.S., Disney, M.J., Ekers, 
R.D., Freeman, K.C., Haynes, R.F., Sinclair, M.W., Vaile, R.A., 
Webster, R.L., Wright, A.E., 1996, PASA, 13, 243 

Staveley-Smith, L., Sault, R. J., Hatzidimitriou, D., Kesteven, 
M. J., & McConnell, D. 1997, MNRAS, 289, 225 

Stewart, S. G., & Walter, F. 2000, AJ, 120, 1794 

Tenorio-Tagle, G., & Bodenheimer, P. 1988, ARA&A, 26, 145 

van den Bergh, S. 1999, AJ, 117, 2211 

Vorobyov, E. I., & Basu, S. 2005, A&A, 431, 451 

Walter, F., & Brinks, E. 2001, AJ, 121, 3026 

Walter, F., & Brinks, E. 1999, AJ, 118, 273 

Walter, F., Kerp, J., Duric, N., Brinks, E., & Klein, U. 1998, ApJ, 
502, L143 

Weldrake, D. T. F., de Blok, W. J. G., & Walter, F. 2003, MNRAS, 
340, 12 

Wyder, T.K. 2003, AJ, 125, 3097 



13 



TABLE 1 
Beam sizes and noise levels 





SD 


B96 


B48 


B24 


B12 


beam major axis (") 


1002 


349.4 


174.7 


86.4 


42.4 


beam minor axis (") 


1002 


96.0 


48.0 


24.0 


12.0 


pixel size (") 


240 


32.0 


16.0 


8.0 


4.0 


^channel (mJybeam-1) 


80 


13.2 


8.5 


5.3 


3.9 


am (IQis cm-2) 


0.01 


0.07 


0.18 


0.45 


1.3 


S (Jy km s-i) 


2266 


2020 


2050 


1917 


1909 


Mhi (XIO* Mq) 


1.34 


1.19 


1.21 


1.13 


1.13 



Note. — For the interferometric data the noise levels refer to 
fully mosaicked central parts of the cubes. A channel separation 
of 1.6 kms~^ is used for all data. 



TABLE 2 
Pointing positions ATCA 
observations 









Pointing 


a(2000.0) 


.5(2000.0) 










h m s 


o m s 








1 


19 43 00 


-14 21 30 








2 


19 43 00 


-14 41 06 








3 


19 44 09 


-14 50 54 








4 


19 45 18 


-15 00 52 








5 


19 46 27 


-15 10 30 








6 


19 46 27 


-14 50 54 








7 


19 45 18 


-14 41 06 








8 


19 44 09 


-14 31 18 










TABLE 3 










ATCA OBSERVING DATES 


Array 


Date 


Pointing 


Time 


Baselines 










on source | 


min] [metres] 


375 


27 Jun 


1999 


1,2,3,4,5,6,7,8 


544 


30.6, 61.2, 91.8, 122.5, 












183.7, 214.3, 244.9, 275.5, 












336.7, 459.2, 5510.2, 5755.1, 












5785.7, 5846.9, 5969.4 


750D 


27 Jul 


2000 


1,2,3,8 


576 


30.6, 107.1, 183.7, 290.8, 


750D 


25 Jul 


2000 


4,5,6,7 


601 


398.0, 428.6, 581.7, 612.3 












688.8, 719.4, 3750.0, 3857.1, 












4040.8, 4438.8, 4469.4 


1.5A 


1 Jan 


2000 


3,8 


574 


153.1, 321.4, 428.6, 566.3, 


1.5A 


2 Jan 


2000 


4,7 


591 


719.4, 750.0, 887.7, 1040.8, 


1.5A 


3 Jan 


2000 


5,6 


447 


1316.3, 1469.4, 3000.0, 3428.6, 


1.5A 


4 Jan 


2000 


1,2 


568 


3750.0, 4316.3, 4469.4 


6A 


9 Mar 


2000 


3 


551 


336.7, 627.6, 872.4, 1086.8, 


6A 


10 Mar 


2000 


1 


536 


1423.5, 1500.0, 1959.2, 2295.9, 


6A 


11 Mar 


2000 


4 


563 


2586.8, 2923.5, 3015.3, 3352.0, 


6A 


12 Mar 


2000 


2 


572 


4438.8, 5311.2, 5938.8 


6D 


15 Mar 


2000 


8 


555 


76.6, 367.4, 795.9, 1163.3, 


6D 


16 Mar 


2000 


7 


599 


1285.7, 1362.3, 2081.6, 2158.2, 


6D 


17 Mar 


2000 


5 


567 


2449.0, 2525.6, 3352.0, 3428.6, 


6D 


18 Mar 


2000 


6 


585 


4714.3, 5510.2, 5877.6 
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Fig. 1. — NGC6822 global Hi profiles. The thick dotted line is the single-dish profile not corrected for Galactic emission. The thick drawn 
line is the same profile correced for Galactic emission. The black part of the profile indicates the velocity range unafl^ected by Galactic 
foreground emission, the grey part indicates the velocity range where the corrections are significant. The horizontal line marked 'MW 
indicates the velocity range where in the single-dish data the signal from NGC 6822 could not be distinghuished from Galactic emission. 
The single-dish profiles in this velocity range were interpolated (see text). The thin curves are the global profiles as derived from ATCA 
data. The black full curve represents the B96 data, black dashed is the B48 data; the grey full curve is the B24 data; the grey dashed 
curve represents the B12 data. The histogram in the velocity range —130 kms^^ < V < —60 kms^^ is the unaffected part of the HIPASS 
global profile with a velocity resolution of 13.2 kms^-"^. Arrows in the plot indicate the velocities where the Galactic emission has fallen 
to 1 per cent of its peak value of ~ 50 Jy beam~^, and where the level of Galactic emission equals twice the noise in the single-dish data 
cube. 



Fig. 2. Channel maps of the B12 data cube. Velocities arc indicated in the top-left corners of each sub-panel. The grayscales run from 
mjy beam^'^ (white) to 90 mjy beam~^ (black). Contours in the top-left channel indicate (from the inside out) where the sensitivity 
has dropped to 90, 80 and 60 per cent of the central value. The channel spacing is 1.6 kms~^, only every second channel is shown. 



Flc;. 2. — Continued — As in previous panel. Contours in the bottom-right channel indicate (from the inside out) where the sensitivity 
has dropped to 90, 80 and 60 per cent of the central value. Note the different field centre compared to the previous panel. Also note the 
Galactic contamination in the —11.2 and —8.0 kms~^ channels. 
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Fig. 3. — Integrated Hi column density or zeroth moment map. The grayscale levels run from 1 ■ 10^" cm~^ (white) to 4.3 ■ lO'^^ cm"'^ 
(black), wh ich is also the maxim um column density occuring in this map. The beam of 42.4" X 12.0" is indicated in the bottom-right 
corner. See lWeldrake et al.l 120031) for additional representations of this column density map. 
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Fig. 4. — Azimuthally averaged Hi profile. The 4a level in a single channel map is indicated as well as the column value of 5 • 10^° cm~^ 
(not corrected for inclination) that we use to indicate the edge of the Hi disk. Note that this occurs well above the sensitivity limit of the 
data. 
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Fig. 6. — The Ha distribution in NGC6822. The top panel shows the entire extent of our Ha data. The contour indicates the edge of 
the Hi disk at 5 ■ 10^" cm~^ (not corrected for incUnation). The large box labeled "Centre" marks the central area shown in more detail 
in Fig. |7| The boxes labeled "1" , "2" and "3" show the outlying areas where new HH regions were found. These areas are shown in more 
details in the small panels at the bottom. 
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Fig. 7. — The Ho distribution in the central part of NGC6822 as indicated in Fig. 1^1 The left panel shows a low-contrast image of the 
Ha distribution, clearly showing the population of bright Ha regions, as well as the compact, high surface brightness regions. The right 
panel shows a high-contrast image of the same field emphasizing the network of low-surface brightness Ha filaments found throughout the 
central part of NGC 6822. 
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Fig. 8. — The areas covered by both sets of Suprimecam observations overlaid on a DSS image of the field around NGC 6822. The large 
full box shows the field covered by the deep survey. The smaller dashed box shows the field of the shallow survey. The merged catalog 
covers the overlap between both sets. The contour indicates the edge of the Hi disk at 5 • 10^" cm~^ (not corrected for inclination). 
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Fig. 9. — Magnitude distributions and CMDs based on the two Subaru data sets. Top row: The deep catalogue. Note that we only show 
the data from the overlap area with the shallow survey. Middle row: The shallow catalogue. Bottom row: The merged catalogue. The left 
panels show the magnitude distributions in the three catalogues. The full histograms shows the B-band data, the dotted histograms the 
i?-band and the dashed histograms the /-band data. The right panels show the B vs B — R CMDs for the three catalogues. The horizontal 
dashed lines show the completeness limits in B, the diagonal dashed lines the limits in R. For the deep survey (top) these limits occur 
at rriB = (20.0,25.6) and rriR = (20.5,24.1). The shallow survey limits (middle) occur at ms = (17.3,24.1) and mu = (16.8,22.2). The 
limits for the merged catalogue (bottom) are the extremes of these limits. The full diagonal line at mu = 20.7 indicates the magnitude cut 
applied to merge the shallow and deep catalogues. See text for more details. 




Fig. 10. — Density contours of the CMD diagram of the merged catalogue. The CMD was binned in intervals of 0.1 x 0.1 mag. Contour 
levels are 20, 40, 80, 160, 320, 640, 1280 stars per bin. For CMD surface densities less than 20 stars the individual stars are plotted. 
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Fig. 11. — Stellar surface density distribution based on the deep catalog. Surface densities shown here were derived by counting stars 
in 12" X 12" boxes, smoothing the resulting distribution to 48". The thick black contour represents a smoothed surface density of 1.1. 
We taJje surface densities lower than this number to describe the field environment. The grey contours show the 2, 4, 8, 16 and 32 surface 
density levels. The white contour indicates the edge of the Hi disk at 5 • 10^° cm~^ (not corrected for inclination). Note that NGC 6822 is 
much more extended to the NW as it is to the BE. The white features along the edges of the field are artefacts of the binning and smoothing 
procedures used. 
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Fig. 12. — Azimuthally averaged stellar surface density distribution as derived from Fig. 1111 The tilted ring parameters as described 
in Sec. 12.51 were used. The dashed line represents the surface density averaged over both sides of the galaxy. The full lines represent the 
profiles of the NW (approaching) and SE (receding) side, as indicated in the plot. The grey areas indicate the la variation in the stellar 
surface density in each annulus. 
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Fig. 13. — CMD of the deep catalogue with degree of field contamination overplotted. Stars were counted in each CMD bin (as indicated 
in Figure), and compared after scaling (sec text). Tlie largest symbols indicate a field star density between 0.5 and 2.0 times the galaxy 
star density, that is, the regions dominated by field stars. Intermediate symbols indicate a field fraction between 0.25 and 0.5. The smallest 
symbols indicate a field fraction between 0.25 and 0.15. Areas without symbols have a field fraction less than 0.15, and can be considered 
to be uncontaminated by field stars. 
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Fig. 14. — Distribution of blue stars on the sky. Areas covered by the deep (short dashed box) and shallow (long dashed box) are 
indicated. Inside the area of the shallow catalogue we plot the blue stars from the merged catalogue. The contour indicates the edge of 
the Hi disk at 5 ■ 10^0 cm (not corrected for inclination). 
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Fig. 15. — Number density of blue stars measured in 12" X 12" boxes, smoothed to a final resolution of 48" X 48". The grayscale levels 
run from to 5 stars per smoothed 12" pixel. The contour levels indicate 0.25, 0.5, 1, 2, 4 and 8 stars per pixel. The contour indicates the 
edge of the Hi disk at 5 • 10^'^ cm~^ (not corrected for inclination). 
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Fig. 16. — Distribution of the old population on the sky. Only stars in field uncontaminated areas of the CMD are plotted. The contour 
indicates the edge of the Hi disk at 5 • 10^° cm~^ (not corrected for inclination). 
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Fig. 17. — Surface density of the old population measured in 12" x 12" boxes, smoothed to a final resolution of 48" x 48". Greyscale 
levels run from densities of to 100. Contours with levels 2, 4, 8 (thick contour), 16, 32, followed by levels from 80 to 280 in steps of 50. 
The white contour indicates the edge of the Hi disk at 5 ■ 10^" cm~^ (not corrected for inclination). 
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Fig. 18. — Colour of the stellar disk. The top-left panel shows the colours of the field-uncontaminated disk population. The lowest 
(bluest) contour is B — R = 1.3. Contours increase in steps of 0.1 from white to dark-gray. The top-right panel shows the same population 
but after correction for foreground reddening, as shown in the bottom-left panel. The lowest contour is B ~ R = 0.85, and contours increase 
in steps of 0.15 from white to dark-gray. The centre-left panel shows the colours of the field-uncontaminated blue star population only. 
Contours run from B — R = 0.3 (white) to 0.55 (dark-gray), in steps of 0.05. The long contour running over the centre of the galaxy has 
value B — R = 0.45. The centre-right panel shows the same population but after correction for foreground reddening, as shown in the 
bottom-left panel. The lowest con tour is B — R = —0.05, increasing in steps of 0.05 from white to dark-gray. The bottom-left panel shows 
the reddening values from the iSch lege'l et alj I199SI1 maps. Contours run from E{B — V) = 0.18 (white) to 0.26 (dark-gray) in steps of 0.02. 
The thin white- black contour indicates the edge of the Hi disk at 5 ■ lO^'^ cm~^ (not corrected for inclination). 




Fig. 19. — CMD of the NW cloud. Several Z = 0.004 isochrones from IGirardi et alJ 1200(1^ are superimposed. The log(age) is indicated 
next to each isochrone. The dashed lines indicate saturation and completeness limits of the deep catalogue as indicated in Fig. |5] 
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Fig. 20. — Radial profiles with respect to the centre of the SGS. Shown are the Hi distribution (thick full line) and the density of blue 
stars (thick grey line). Also shown are the colour of the blue stars (full line with filled squares) and the colour of the total population 
(dashed line with open squares). The units along the vertical axis are arbitrary. 



Fig. 21. — Outline of the SGS superimposed on various mass component distributions. The inner thick ellipse has a semi-major axis 
of 250". The outer thick ellipse has a semi-major axis of 430". The thin dashed ellipses have semi-major axes of 170" and 300". For 
description sec text. Shown in the top-left panel is the distribution of Hi . Top-right shows the Ha, bottom-left the distribution of blue 
stars, bottom right the B — R colour of the blue population (dark corresponds with a red colour, light with a blue colour). 



32 




